Abstract. Taiwan initiated a nationwide program in 1986 to have all 15-year-old schoolgirls vaccinated against rubella and another program in 1992 to encourage all women of childbearing age to receive rubella vaccination. To assess the immunity among women after the implementation of these programs, we conduct a serosurvey. We recruited women who were 15-44 years old and received pre-employment health examinations at the clinic of an industrial park from January 1 to June 30, 2000. Anti-rubella antibody titers were determined by enzyme-linked immunoassays. All 1,087 women who fit the selection criteria agreed to participate, and the overall susceptible (seronegative) rate was 5.7%. The susceptible rate was much lower among women who were covered by both programs than women who were not (4% versus 23%, P < 0.001). The nationwide vaccination programs were effective, but a substantial proportion of childbearing-age women were still susceptible and need booster vaccination.
INTRODUCTION
Rubella is caused by an RNA virus and transmitted through airway or direct contacts. In most cases, the disease is asymptomatic or has minor flulike symptoms and generally is without sequelae. In pregnant women, however, rubella might cause multiple organ defects in fetuses, which is called congenital rubella syndrome (CRS). 1 In the rubella epidemic of 1962-1964 in the United States, about 1.25 million cases led to about 20,000 cases of CRS and 2,100 neonatal deaths. 2 Nowadays, rubella is still regarded as an important public health problem around the world. In the United States, although the number of reported rubella cases reached record lows during 1992-1996, 3 outbreaks have occurred. [4] [5] [6] In Taiwan, there were 4 reported epidemics, roughly about once every decade, 7 in 1944, 8 1957-1958, 9 1968-1969, 10 and 1977. 11 Although no epidemics occurred after 1977, small outbreaks were reported all over the island occasionally. The best way to prevent rubella and CRS is vaccination, which has been applied all over the world. [12] [13] [14] [15] [16] [17] [18] [19] To eradicate rubella, the Taiwanese government initiated a nationwide immunization program in 1986 to have all third-grade junior high school girl students (about 14-15 years old) receive rubella vaccinations (the school program). Since then, 5 serosurveys have been conducted, 7, [20] [21] [22] [23] but none was able to evaluate long-term efficacy. In 1992, the government launched another nationwide program to encourage women of childbearing age to receive rubella vaccinations (the adult program). To evaluate the efficacy of these programs and assess the knowledge of rubella among women of childbearing age, we conducted a study in south Taiwan.
MATERIALS AND METHODS
From January 1 to June 30, 2000, we recruited participants from woman workers 15-44 years old who received preemployment health examinations at the clinic of an industrial park in Tainan, Taiwan. All new employees of the companies in the park are required to take a pre-employment health examination at this clinic, which includes complete blood counts and biochemistry tests of a blood sample. From each qualified worker, we requested the permission to add the anti-rubella antibody titer to the blood tests and conducted an interview survey with a standard questionnaire.
The titer of anti-rubella antibody was determined using the Abbott AXSYM system rubella IgG assay (Abbott Park, IL), a microparticle enzyme immunoassay. A positive test result was defined as a titer Ն10 IU/mL. The standard questionnaire was used to collect information on marital status, medical history, and immunization history. In addition, it contained 3 multiple-choice questions to evaluate the participant's knowledge of rubella, including the main purpose of vaccination for women of childbearing age, the effective duration of the vaccination, and the stage in terms of trimester that is associated with the highest risk of CRS.
In addition to self-reported history of rubella vaccination, we also used "year of birth before 1971" (>15 years old in 1986) as an indicator to evaluate the effectiveness of the school program. After a thorough literature review, we identified 2 reports with data on the seroprevalence of rubella among women of childbearing age in south Taiwan, one by Tsai and Kang 24 before the initiation of the program and the other by Lin and Chen 21 around the time when the program started. To evaluate effects of vaccination programs, we calculated the susceptible rates (prevalence of seronegative status) in different age groups and birth cohorts observed in different studies. All analyses were conducted using the SAS software, and differences in susceptible rates were evaluated by chi-square or Fisher exact test at a 2-tailed significant level of 0.05.
RESULTS
All 1,087 qualified woman workers agreed to participate in the study. Most were 20-29 years old, and almost all of them (99.7%) were <40 years old ( The overall susceptible rate was 5.7% (62 of 1,087). The rate generally increased with age (P < 0.001 for chi-square test of the difference among age groups) and was higher in women who were married (11.8% versus 4.6%, P < 0.001), had given birth (13.1% versus 4.8%, P < 0.001), denied a history of rubella vaccination (12.6% versus 3.0% among those who recalled a vaccination, P < 0.001), and were born before 1971 (23% versus 4%, P < 0.001) ( Table 1) . Neither recalling a history of rubella infection (6.2% versus 3.2% among those who denied, P ‫ס‬ 0.285) nor recalling a history of spontaneous abortion (15% versus 5.5% among those who denied, P ‫ס‬ 0.101) was a statistically significant predictor of susceptibility (Table 1) . Among the 985 participants born in or after 1971, the susceptible rate was 3% (16 of 533) among participants who recalled having received rubella vaccination and 5.1% (23 of 452) among those who did not.
Using univariate logistic regression models, we found "married," "having given birth," and "no rubella vaccination" were significant predictors of susceptibility in addition to "birth before 1971" ( Table 2 ). After adjusting for "birth before 1971," however, only "no rubella vaccination" was still a significant predictor. In the multivariate logistic regression analysis, we found that only "birth before 1971" and "no rubella vaccination" were independent predictors of susceptibility (Table 2) .
From results of the small quiz, we found that although 88% (954 of 1,087) of participants knew the main purpose of vaccination for women of childbearing age was to prevent CRS (question A), only 20% (220 of 1,087) were correct about the effective duration of the vaccination (question B), and 28.6% (311 of 1,087) knew the first trimester is associated with the highest risk of CRS (question C). Participants born before 1971 had higher proportions of giving correct answers than participants who were born in or after 1971 (89% versus 87.2.1% for question A, P ‫ס‬ 0.808 for chi-square test; 25% versus 19.8% for question B, P ‫ס‬ 0.270; and 53% versus 26.1% for question C, P < 0.001). Only a small portion of participants (9.8%) gave correct answers to all 3 questions, and the proportion was higher in participants who were born before 1971 (18% versus 9%, P < 0.001).
Compared with the 2 previous surveys, 21,24 susceptible rates observed among various age strata were much lower in the current study (Table 3 ). In the 2 previous surveys, the susceptible rate generally decreased with age, but in the current study, it increased with age ( Table 3) . We were able to compare our data with those reported by Tsai and Kang 24 on 4 exactly matched cohorts: 1975-1977, 1970-1974, 1965-1969, and 1960-1964 (Table 4) . Susceptible rates observed in the current study were much lower, except for the 1956-1959 birth cohort, of which we had only 3 participants and were unable to obtain a reliable estimated susceptible rate (Table  4) . We could also compare our data with those reported by Lin and Chen 21 on 2 exactly matched birth cohorts: 1958-1967 and 1968-1977 . Likewise, the susceptible rates observed in the current study were much lower (Table 4) .
DISCUSSION
In the 2 previous studies with data on the seroprevalence of rubella in south Taiwan, susceptible rates generally decreased with age, suggesting the immunization was induced mainly by infections. In contrast, in the current study, the susceptible rate increased with age, showing effects of vaccination programs ( Table 3) . The study by Tsai and Kang 24 was conducted about 15 years before the current study, and if the pattern of the seroprevalence remained the same, the 1975-1977 birth cohort in the current study would have a susceptible rate around 36% (the rate observed in the 1960-1964 birth cohort by Tsai and Kang) ( Table 4) . This is more likely to be an underestimate because the 1960-1964 birth cohort experienced the 1968-1969 epidemic, but the 1975-1977 birth cohort did not. Nonetheless, the current study observed a much lower susceptible rate (3.6%), indicating the long-term efficacy of the school program. A study estimated that the program had a coverage rate around 98%, 25 and the susceptible rate observed in the current study (3.6%) supported this estimate. Additional evidence of the long-term efficacy came from observations on the 1970-1974 birth cohort, of which some were not covered by the program. If the pattern of the seroprevalence remained the same, the cohort in the current study would have a susceptible rate between 36% (the rate observed in the 1960-1964 birth cohort by Tsai and Kang) and 21.4% (the rate observed in the 1949-1959 birth cohort by Tsai and Kang) ( Table 4) . This is more likely to be an underestimate because of the occurrence of the 1957-1958 epidemic and the 1968-1969 epidemic. The current study observed a far lower susceptible rate (8.5%).
Compared with the study by Lin and Chen 21 conducted about 13 years before the current study, the current study observed a much lower susceptible rate (6.7%) in the 1968-1977 birth cohort (Table 4) , which indicated the long-term efficacy of the school program. We found that seroprevalence rates of the similar birth cohorts were compatible between the 2 previous studies, although different sampling approaches were applied (Table 4) , indicating the reliability of the prevalence estimates obtained from the 2 studies.
The Taiwanese government launched the adult program in 1992 to encourage women 20-35 years old to receive vaccination, 8 but the coverage rate has never been reported. In the current study, participants born between 1956 and 1970 were covered by this adult program alone, participants who were born between 1981 and 1983 were covered by the school program alone, and participants who were born between 1971 and 1980 were covered by both. The susceptible rate of these 3 cohorts was 23% (23 of 100), 4.8% (39 of 809), and 1.3% (1 of 76), indicating the adult program was not as effective as the school program. The current study observed a susceptible rate of 28.3% in the 1965-1969 birth cohort, who were covered by the adult program alone, and the study by Tsai and Kang 24 observed a susceptible rate of 38.4% in this cohort before the initiation of the adult program. If the pattern of the seroprevalence remained the same and neither program was implemented, this cohort would have a susceptible rate <21.4% (the rate observed in the 1949-1959 birth cohort by Tsai and Kang) in the current study. This is more likely to be an underestimate because an epidemic occurred in [1957] [1958] . A study of 80 susceptible Taiwanese women detected antibodies in all participants within 28 days, and antibody levels were still high (the geometric mean of titer was 1:64 by the hemagglutination inhibition method and 38.2:1 by the fluorescent immunoassay method) at the end of the 3-year follow-up. 26 Vaccine failure was not likely to be a major factor of susceptibility in our study population. When all these factors were taken into account, effects of the adult program seemed limited.
The major factor affecting the susceptibility in our study was vaccination. As shown by the multivariate analysis, "birth before 1971" and "no rubella vaccination" were the only 2 independent predictors. Participants who were married and participants who had given birth had a higher susceptible rate probably because they were relatively older and less likely to have been covered by the school program. Because many immunization programs are implemented through schools in Taiwan, it is not easy to remember a specific vaccination. Of the 985 participants born in or after 1971, 452 (45.9%) failed to recall having received the vaccination, and only 23 were susceptible. When the fact that some of these participants did not receive the vaccination is taken into account, the low susceptible rate of 5.1% among these participants supported the efficacy of the school program. In participants born before 1971, because vaccines were received on a voluntary basis at older ages, the memory should be much better. This might be one of the reasons why after adjusting for "birth before 1971," "no rubella vaccination" was a significant predictor of susceptibility, which supported the long-term efficacy of the vaccine. Most third-grade students of junior high schools in 1986 were born between September 1, 1971, and August 31, 1972. The birth cohort had a much lower susceptible rate (2.7% [1 of 27, 28 Because a large proportion of cases of rubella are subclinical, recall of having rubella was not an independent predictor of susceptibility.
The pattern of the occurrence of rubella in Taiwan had changed in the last several decades from predominantly by epidemics to by small endemic outbreaks. Although epidemics may give immunity to susceptible individuals, effects are different from those of an ongoing immunization program. The one-time impact of an epidemic fades off as more susceptible people are born, and another epidemic may occur when the susceptible rate reaches a certain level. In contrast, an ongoing immunization program can maintain a low susceptible rate in the population to prevent epidemics. Although the cycle of epidemics has been broken in Taiwan, a substantial proportion of women of childbearing age are still at high risk. Most women born before 1971 did not receive the vaccination through the school program, and many are still susceptible. A small portion (about 2%) of women born after 1971 did not receive the vaccination at school for various reasons. 25 As high-tech and service industries have become the major industries in Taiwan, many women of childbearing age are working in central air-conditioned factories or offices. Such work environments may facilitate the transmission of airborne diseases such as rubella. Outbreaks of rubella among office and industrial workers have been reported in the United States, and some of them led to the occurrence of CRS. 4, 5, 12, 29, 30 We asked 3 important and basic questions about rubella, but only 9.8% of the participants gave correct answers to all 3 questions. Only 28.6% knew that the first trimester is associated with the highest risk of CRS. A previous study in Taiwan showed that 82.8% of college students who majored in medical sciences knew the first trimester is associated with the highest risk of CRS, but only 58% of those who with majors unrelated to medical sciences did. 23 Results of the current study showed that women of childbearing age in Taiwan generally lack knowledge about rubella, which is also an important part of prevention.
CRS has been a reportable disease in Taiwan since 1988; the number of cases reported was 7 in 1989, 1 in 1990, 5 in 1991, 13 in 1992, and 11 in 1993. 31 No case was reported since 1994 31 until a 1-week-old boy who died of CRS was reported in March 2001. 32 The mother did not receive vaccination at school because she had a flu, and she did not receive the vaccination thereafter. Judging from the trend of the number of reported cases and the high susceptible rate among women born before 1971, we believe cases of CRS have been underdiagnosed and underreported in Taiwan in recent years. The World Health Organization established the goal to eradicate rubella by 2000, but much still needs to be done. Many women give birth at relatively old ages nowadays, and the immunity induced by vaccination might have been lost when they become pregnant. Education and screening of women are necessary even when immunization programs for schoolgirls are implemented. As a result of the current study, all 62 susceptible women received vaccinations. A study in the United States showed that among cases of CRS with missed opportunities for vaccination (including postpartum, premarital, and occupational opportunities), 81% missed postpartum opportunities. 33 To achieve the goal of eradicating rubella, all opportunities of vaccination should be taken to ensure that all susceptible women are vaccinated.
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